Increases in vesicular glutamate transporter (VGLUT) levels are observed after a variety of insults including hypoxic injury, stress, methamphetamine treatment, and in genetic seizure models. Such overexpression can cause an increase in the amount of glutamate released from each vesicle, but it is unknown whether this is sufficient to induce excitotoxic neurodegeneration. Here we show that overexpression of the Drosophila vesicular glutamate transporter (DVGLUT) leads to excess glutamate release, with some vesicles releasing several times the normal amount of glutamate. Increased DVGLUT expression also leads to an age-dependent loss of motor function and shortened lifespan, accompanied by a progressive neurodegeneration in the postsynaptic targets of the DVGLUT-overexpressing neurons. The early onset lethality, behavioral deficits, and neuronal pathology require overexpression of a functional DVGLUT transgene. Thus overexpression of DVGLUT is sufficient to generate excitotoxic neuropathological phenotypes and therefore reducing VGLUT levels after nervous system injury or stress may mitigate further damage.
Introduction
The vesicular glutamate transporter (VGLUT) is responsible for packaging glutamate into synaptic vesicles. Vertebrates contain three VGLUT family members, with either VGLUT1 or VGLUT2 expressed in most glutamatergic neurons at maturity. In a number of disease models associated with excitotoxicity there is increased expression of vesicular glutamate transporters (VGLUTs). In a rat absence seizure model, VGLUT2 is significantly increased in the cortex (Touret et al., 2007) . Likewise, hypoxic injury causes an increase in VGLUT1 protein in rat hippocampus (Kim et al., 2005) . Stressed animals also show more VGLUT1 protein on vesicles (Raudensky and Yamamoto, 2007) .
We and others have previously shown that increasing the levels of VGLUT protein results in increased glutamate release (Daniels et al., 2004; Moechars et al., 2006; Wilson et al., 2005; Wojcik et al., 2004) . In Drosophila, overexpression of the single fly VGLUT ortholog DVGLUT leads to larger vesicles that each release more glutamate after fusion (Daniels et al., 2004) . Since elevated extracellular glutamate is a critical factor that contributes to excitotoxic neurodegeneration after stroke or other brain injury, we wondered whether overexpression of VGLUT is sufficient to cause neurodegeneration. Most of the negative effects of high extracellular glutamate are mediated through glutamate receptors. In neurons expressing glutamate receptors, receptor activation can increase intracellular calcium levels and activate apoptosis.
Here we show that overexpression of Drosophila VGLUT (DVGLUT) in glutamatergic neurons results in huge spontaneous glutamate release events. The prevalence of these huge events correlates with DVGLUT expression level and with the onset of lethality. Weaker overexpression results in adult flies that exhibit progressive behavioral deficits including loss of coordinated motor behavior and a progressive neuropathy of target neurons. DVGLUT transport function is required for these effects since overexpressing mutant transgenes does not cause these phenotypes. These results show that DVGLUT overexpression is sufficient to generate behavioral defects, premature lethality, and excitotoxic neurodegeneration in Drosophila and suggest possible therapeutic targets for excitotoxicity in humans.
Materials and methods

Fly stocks
Flies were maintained on food made from cornmeal, molasses, and agar in a temperature-and humidity-controlled incubator at 25°C. Genes were expressed in glutamatergic neurons using the driver dvglut CNSIII -Gal4 (Daniels et al., 2008) . UAS-GFP:DVGLUT flies have been described previously (Daniels et al., 2008) . UAS-mCD8::GFP was used as a control (Bloomington stock number 5139). The UAS-GFP: DVGLUT A470V point mutant is from Grygoruk et al. (2010) . For the electrophysiology experiments in Fig. 1, w   1118 , BG380-Gal4, and UAS- 
